Abstract. The impact of implementing different best management practices (BMPs) at the 1 small watershed scale were examined for the Petzenkirchen catchment in Austria and Lake 2 Vico in Italy, in terms of data needs, hydrological processes, tools and models involved. 
Introduction

1
There is general agreement that agricultural activities are a major nonpoint source of nutrients 2 reaching water ( Novotny & Chesters, 1989; Sharpley et al., 1999; Rekolainen et al., 1999) . 3 This problem mainly occurs in watersheds with a high percentage of intensively managed 4 land and associated high rates of fertilizer application. In particular, eutrophication, which is 5 caused mainly by excessive input of nutrients (especially P) from farming activities, has been 6 identified as the most critical problem impairing the quality of surface waters (Sharpley et al., 7 1999 ). The special features of nonpoint source pollution makes the design of mitigation 8 policies difficult (Shortle et al., 1998) : the environmental agencies are faced by a wide range 9 of potential polluters, whose individual emissions cannot be measured with accuracy at 10 reasonable cost, and thus the allocation of the mitigation effort among the potential polluters 11 is particularly difficult. 12 13 Agri-environment schemes are bundles of best management practices (BMPs) which are 14 proposed by legal authorities to help farmers manage their activity in an environmentally- 15 friendly way. The programmes are recommended to farmers on a voluntary basis, offering 16 incentives to compensate the costs of implementation. For a particular environmental concern, 17 there may be many BMPs that could be recommended (NERC, 2002) . Regulators need to 18 select those practices they want to support and they need to select the terms under which they disadvantages of participation and decide if the scheme would benefit them. Farmers reach 23 their decisions by personal judgement and regulators currently use the farm level for decision 24 making. However, the relevant scale to reach environmental goals for water quality is not the 25 4 4 farm but the watershed scale. Here the problem arises that for different environmental 1 pollutants, different areas within the watershed might be better suited to target each hazard. 2 Moreover, for a single pollutant different areas within a watershed will pose a different degree 3 of risk of causing pollution. In order to obtain environmental effectiveness, the concept of 4 critical source areas within watersheds has been used in various approaches (e.g. Gburek et Costs of implementing BMPs have consequences for their actual environmental effectiveness. 8 Farmers are less likely to adopt high cost BMPs even though they may be the most effective. 9 Implementation costs for particular BMPs are equally important for regulators, as they usually 10 want to mitigate pollution at least cost. Therefore, comparison of candidate BMPs on cost-11 effectiveness criteria should be an important step in the development of any agri- 12 environmental scheme so that a trade off between economic optimization and groundwater 13 loadings can be arrived at (Lee, 1999). Heilman et al. (1997) suggested that voluntary 14 programmes to improve the quality of water affected by agriculture should target the farms 15 that have an economic incentive to adopt management systems with water quality benefits. 16 Kraft & Toohill (1984) , who used the concept of a 'representative farm' to explore the 17 impacts of conservation practices, indicated that these practices could increase returns to incomes in relation to a baseline scenario. Wossink & Osmond (2002) focussed on the 21 economic elements driving farmer and landowner decisions in their efforts to design cost- 22 effective programmes to improve water quality. Despite the fact that the financial support 23 given for a specific BMP is often a strong driver for adoption, other restrictions for adoption 24 of proposed BMPs exist in terms of 'social acceptance' (Wu & Babcock, 1999 The aim of this paper is to conduct an integrated study of environmental effectiveness and 5 implementation costs of selected BMPs at the small watershed scale. Based on the 6 comparison of cost-effectiveness at this scale, the aim is to discuss how the BMPs for agri-7 environmental scheme designs affects water quality and implementation costs, especially in 8 relation to the critical source area concept. In order to demonstrate this, two watersheds with 9 contrasting agronomic and environmental conditions were used.
10
Methods
11
Hydrological effectiveness
12
Lake Vico -general characteristics and selection of BMPs 13 The first study area chosen was the Lake Vico catchment, an igneous rock basin (40.8 km 2 implementation costs that are targeted only at one farm, BMP 2b was calculated using the 11 assumption that implementation costs were applied uniformly to all farms in the catchment. 12 These measures have been chosen because they are able to reduce erosion and associated was applied under assuming the "worst case", i.e. all arable land was assumed to be in freshly 11 prepared seedbed conditions. This assumption allowed routing of the water flowing between 12 critical source areas and the water body, and identification of those areas that are most likely 13 to deliver sediment to the water body. The identified areas were ranked according to their 14 contribution to sediment delivery and simulations of the BMPs effectiveness were performed 15 by increasing the area of BMP implementation according to this ranking, i.e. the areas 16 delivering the largest amounts of sediment were the first to be treated. 17 18 Model calibration 19 In order to improve confidence in the predictive capabilities of the hydrological models 20 employed it was necessary to calibrate them with data that had been obtained from the 21 catchments. EUROSEM was applied to the Petzenkirchen catchment for an extreme event in 22 spring 2002 (Strauss & Peinsitt, 2002) . In order to use EUROSEM in a grid-based catchment Effectiveness assessment 4 The comparison of the hydrological effectiveness for the different simulated scenarios in the 5 case study areas was carried out as:
Where:
8 E is the effectiveness of the BMP considered in terms of the reduction of a particular pollutant 9 and P 0 and P BMP are the quantities of a particular pollutant produced without and with the 10 BMP implementation, respectively.
11
Cost assessment 12 Costs were assessed with a whole farm modelling approach that simulates the agricultural 13 land use at farm level, calculating the economic returns and the costs that would result if 14 particular BMPs were applied. Whole farm modelling for cost calculation is suited for the 15 case of critical areas within the watershed if the data describing farm production activities 16 exist. As these data are usually not available at the required scale, an alternative approach is to representative farms has to be built realistically, as the cost assessment at the watershed level 21 is an aggregation of costs obtained for these representative farms.
22
The representative farm is devised from regional data and local expertise, represented by only BMP (Fig. 1c) and with BMP (Fig. 1d) The soil erosion methodology was tested against the USLE, ( Wischmeier & Smith,1978 loss seem to be too high (Fig. 1c, 1d ), but become more reasonable given the naturally high P 20 content of the soils around Lake Vico. Measured data of P export from the hazelnut fields 21 support this view. Extension of the chosen BMP to the whole critical area would result in a 22 reduction of 80% of soil loss and 40% of P loss as compared to conventional management. Table 2 gives an overview on 2 flow conditions, sediment load and particulate P export during the calibration event compared 3 to mean values for the whole monitoring period. source areas within the catchment (Fig. 2b) . Ranking was performed for the three most critical 19 areas only. After calibration, EUROSEM was applied to the Petzenkirchen catchment and for each 4 successive simulation additional areas were assigned BMP's according to their ranking. 5 Finally, effectiveness of BMP implementation was calculated for each simulation. Figure 3   6 gives the change in effectiveness with increasing area of implementation for the different 7 BMPs. grassland) proved to be more effective than BMP3 (winter crops) which in turn was 19 calculated to be more effective than BMP1 (conservation tillage). 20 
21
Costs
22
Lake Vico catchment 23 In the first period after implementation of regulation 2078/92, the differences between the 24 conventional agricultural practices and the practices complying with the regulation were very reduced and it is now common practice to allow hazel nut orchards to develop a weed cover.
11
In addition the use of fertilizers has been reduced to the amount suggested in the 2078/92 12 regulation. However, hazelnut yield was not affected by these changes according to the 13 information provided by the farmers.
15
Petzenkirchen catchment 16 When changes in practice affect only a small percentage of the total arable area of the 17 catchment, calculations show that implementation costs are similar when BMPs are either 18 targeted only at one farm or applied uniformly to all farms (Table 3) . Nevertheless with BMPs 19 targeted only at one farm or a few farms, implementation costs would have been higher if the 20 BMPs had been applied to a larger part of the catchment, because marginal costs of 21 implementation at the farm level are not constant (Table 4) (Table 3 ). Table 4 : Cost of implementation of BMP 2 for the representative farm 9 10 The costs calculated by modelling turned out to be close to the compensations proposed by 11 the Austrian agri-environmental programme ÖPUL 2000 (BMLFUW, 2000) for these BMPs. 
Discussion
20
Results of the environmental effectiveness calculations demonstrate that for the conditions 21 prevailing in both catchments, erosion and phosphorus loss may be decreased effectively by 22 addressing critical source areas, which cover only a relatively small area of those catchments. 23 Making these results acceptable in practice would however need tools that could provide 24 satisfactory outcomes for both policy makers and farmers at a scale larger than the tested 25 17 17 catchments. Models with different degrees of detail could be one possibility due to the given 1 constraints in data availability (Heathwaite et al., 2005) . In fact, the approaches tested here 2 can also be seen as nested in the sense that identification of critical source areas was 3 performed using a simple procedure of routing water through a catchment, whereas detailed 4 analysis of cost-effectiveness for the identified critical source areas was based on more 5 detailed techniques. In the case of the Petzenkirchen catchment the chosen approach claimed 6 to be "process based". Theoretically, it would therefore be easier to apply it at least to 7 neighbouring catchments or for similar environmental conditions. Due to temporal and spatial 8 constraints, the chosen approach is clearly suited only for small watersheds. However, these 9 are the catchments where hydrological connectivity between pollution source and water 10 channel is usually high. Because of its simplicity, the approach chosen for Lake Vico seems at 11 first sight better suited for application at larger scales. However, as the meta-model has been 12 derived empirically only for Lake Vico catchment, it would need re-parameterization for 13 application to other sites. This is especially the case in situations where factors other than 14 slope are dominating transport into the aquatic system. by summarizing all the factors of the complex environmental and anthropogenic system that is an 17 integral part of the GLEAMS model. 18 19 It must be recognised that even the most sophisticated of models remains only a simplified 20 and idealized abstraction of the real system, necessarily including only a selection of the 21 relevant elements and processes, while neglecting others. The adopted modelling approach, 22 inevitably introduces a lot of uncertainty resulting from the type of model, input parameter 23 errors, but also from intrinsic, chaotic behaviour of the actual system. However it is not clear 24 that large, over parameterised, deterministic models can do a satisfactory job, because it is 25 almost impossible to validate them (Heathwaite, 2003) . For these reasons, we did not implement simulation models as tools to reach the unattainable 2 goal of absolute predictions, but rather as tools that help to assess the relative environmental 3 effectiveness of "alternative" agricultural practices and to evaluate land processes, while 4 taking into account the complex man-environment interactions. It is in these terms that we can 5 expect simulation models to improve the process of land management oriented to water 6 protection. 
Conclusions
9
The aim of this study was to compare environmental and economical effectiveness of 10 particular best management practices in two small catchments subject to erosion and P loss. 11 Results achieved suggest that for the considered pollutants a two step procedure of first 12 evaluation of critical source areas followed by the application of simulation models, would 13 enable policy makers to allocate monetary resources in an efficient way. However, 14 environmental effectiveness is only one of several priorities of agricultural policy. 15 In addition, whereas the levels of best management practice implementation for policy is the Tables   1   2   Table 1 
